Introduction
============

There has been an increasing trend of delayed marriage and consequently, childbearing until the 30s and 40s, because of the increased role of women in social participation and contribution to economic growth. However, the risk of chromosomal abnormalities of oocytes rapidly increases around 35 years of age, resulting in a dramatic increase in the risk of infertility, miscarriage, high-risk pregnancy, and birth defects \[[@B1]-[@B3]\].

In the past, the majority of fertility clinics offered oocyte cryopreservation (OC) mainly to women who were diagnosed with cancer and that underwent fertility impairing treatments as a consequence, such as chemotherapy or radiation \[[@B4]\]. However, due to recent trends many infertility clinics are now offering elective OC to accommodate women who are not ready to have children and wish to preserve their reproductive potential by delaying childbearing \[[@B5]\].

In 2012, the American Society for Reproductive Medicine (ASRM) Practice Committee announced that OC is no longer an experimental method \[[@B6]\]. Moreover, in 2018 the Ethics Committee of the ASRM concluded that elective OC is an ethically permissible medical therapy, with the sole purpose to preserve reproductive potential of healthy women \[[@B7]\]. Although there has been a mounting interest in elective OC recently, the rate of women who actually pursue fertility preservation is relatively low, ranging between 3.1% and 19% \[[@B8],[@B9]\]. The reason for the discrepancy between the level of interest and the rate of actual pursuit of OC remains unknown.

If gynecologists or other health care providers would like to provide competent counseling, it is important to identify women\'s knowledge level, as well as critical factors that influence their decision-making regarding fertility preservation, especially in unmarried and childless women. Clinicians should consider such factors because these can affect women\'s perception and actual decision to undergo elective OC. Until recently, only a few survey studies have assessed the general perception and knowledge concerning elective OC \[[@B8],[@B10]\]. The factors affecting women\'s decisions to undergo elective OC can vary widely depending on their racial and cultural backgrounds \[[@B11]\]. Because of this influence, each region should be surveyed and studied separately.

The aim of this study was to investigate the level of awareness and knowledge concerning elective OC among unmarried women of reproductive age visiting a private fertility center in Korea.

Materials and methods
=====================

1. Study protocol {#sec1}
-----------------

The survey study consisted of a 30-item questionnaire which attempted to assess the degree of awareness and knowledge about OC in unmarried women of reproductive age. Women at the clinic who wanted to preserve oocytes for non-medical reasons, such as late marriage, were asked to fill out a questionnaire with their consent. The study protocol was approved by the Ethics Committee at Seoul Maria Fertility Hospital, Seoul, Republic of Korea (2016-002); informed consent was obtained from all study subjects.

2. Participants {#sec2}
---------------

All participants were recruited at Seoul Maria Fertility Hospital between December 2016 and May 2018. Women who wished to preserve their fertility for various social reasons, such as delaying childbearing, were deemed eligible for this study. The inclusion criteria were subjects aged between 20 and 45 years and subjects with no partner at the time of recruitment. For data analysis, we included women who answered "No" to the question "Have you ever heard of or interested in fertility preservation using egg freezing?". Additionally, we included those who said 'No' to the question "Do you wish to undergo egg freezing for the preservation of future fertility?" Two women who had previously undergone OC were excluded.

3. The questionnaire {#sec3}
--------------------

The construction of the questionnaire was based on previous published studies \[[@B8]\] and translated into Korean before use ([Supplementary Data 1](#S1){ref-type="supplementary-material"}).

### 1) Demographics

Study participants were asked to answer all questions about age, current marital status, history of divorce, number of children, age at the first childbirth, parity, professional activity, annual income, residential district, educational level, and religion.

### 2) Willingness to get pregnant

To evaluate their willingness to get pregnant, subjects had to answer 4 questions, which included their expected timing of conception in the coming years, the number of children that they wanted, their thoughts about the oldest fertile age, and their preference for multifetal gestations.

### 3) Recognition about oocyte cryopreservation and factors that affect a woman\'s decision-making in the utilization of fertility preservation by oocyte cryopreservation

The twelve-item questionnaire was used to identify women\'s awareness and knowledge of OC. Of these, 7 questions aimed to evaluate their awareness of OC on a scale of 1 (not at all) to 5 (to a great extent), indicating the degree of relevance to the subjects. The remaining 5 questions were used to identify the factors influencing their decision to undergo elective OC.

### 4) Knowledge about reproductive aging and oocyte cryopreservation

Respondents had to answer 6 questions about the reproductive outcomes in women with advanced maternal age and the survival rate of post-thawing oocytes to assess their fertility awareness and knowledge about OC. The questions were constructed based on previously published studies \[[@B8]\], and translated into Korean.

Results
=======

1. Demographics {#sec1___1}
---------------

A total of 86 women received the survey; of these, 15 who provided incomplete information were excluded. A final group of 71 completed the survey and were analyzed. The demographic characteristics of the study population, including age group, professional activity, annual income, educational level, and religion, are described in [Table 1](#T1){ref-type="table"}. The mean age was 37.0 years. The largest proportion of the respondents were professionals (27/71, 38%), university graduates or higher (63/71, 89%), earners with an annual income of approximately 20,000--50,000 USD (20,000,000--50,000,000 Korean won) (31/71, 44%), and those with no religion (39/71, 55%).

###### Demographics of the study population (n=71)

![](ogs-62-438-i001)

  Demographic variables                   Distribution of the respondents   
  --------------------------------------- --------------------------------- -----------
  Age group (yr)                                                            
                                          20--24                            2 (2.8)
                                          25--29                            5 (7.0)
                                          30--34                            12 (16.9)
                                          35--39                            36 (50.7)
                                          40--45                            16 (22.5)
  Occupation                                                                
                                          Employee                          27 (38.0)
                                          Self-employed                     9 (12.7)
                                          Professional practice             10 (14.1)
                                          Teacher                           4 (5.6)
                                          Student                           4 (5.6)
                                          Public official                   3 (4.2)
                                          Unemployed                        2 (2.8)
                                          Others or non-response            12 (16.9)
  Annual income (1,000 Korean won unit)                                     
                                          \<10,000                          0
                                          10,000--20,000                    10 (14.1)
                                          20,000--50,000                    31 (43.7)
                                          50,000--100,000                   16 (22.5)
                                          \>100,000                         7 (9.9)
                                          Non-response                      7 (9.9)
  Educational level                                                         
                                          High school                       8 (11.3)
                                          University graduate               36 (50.7)
                                          Postgraduate                      27 (38.0)
  Religion                                                                  
                                          Protestantism                     17 (23.9)
                                          Catholic                          12 (16.9)
                                          Buddhism                          3 (4.2)
                                          No religion                       39 (54.9)

Values are presented as number (%).

2. Awareness of oocyte cryopreservation {#sec2___1}
---------------------------------------

Participants were asked to respond to 3 questions related to their awareness about OC. The results are described in [Fig. 1](#F1){ref-type="fig"}. Of the total respondents, 51 (71.8%) responded that they decided to undergo OC. Of these 51 women, excluding 1 woman who did not answer this question, 48% of respondents indicated that the time interval from hearing about OC to deciding to receive OC was 6 months or less (n=24/50) ([Fig. 1A](#F1){ref-type="fig"}). Overall, this time frame was found to take 1 year or less for most of the women surveyed (66%).

![Awareness of participants about oocyte cryopreservation. (A) Time interval between hearing about to the decision to execute oocyte cryopreservation; (B) Reason for the decision to execute oocyte cryopreservation (plural answers were allowed); (C) Attitudes of women towards oocyte donation (plural answers were allowed).](ogs-62-438-g001){#F1}

The second question regarded the reason for making the decision to undergo OC, and a plural response was allowed. The responses are shown in [Fig. 1B](#F1){ref-type="fig"}. The respondents most frequently reported that they wished to maintain their fertility in the future for when they attempt pregnancy (70.6%, 36/51), followed by the response that they had no current partner and wanted a healthy baby by using good quality eggs in the future.

The third question was used to evaluate women\'s attitudes towards oocyte donation after freezing their oocytes when they conceived naturally or when they decided not to attempt pregnancy anymore. The survey results (plural answers) are shown in [Fig. 1C](#F1){ref-type="fig"}. Most women answered that they would donate to the infertile patients; 13% for family, 7% for relatives, 14% for friends, and 10% for anonymous persons. Most of the respondents (61.8%, 60/97) expressed positive intent for oocyte donation to their family members, friends, anonymously to other people, or to research institutes.

3. Distribution of women\'s knowledge related to fertility and oocyte cryopreservation {#sec3___1}
--------------------------------------------------------------------------------------

Evaluation of background knowledge related to fertility and OC consisted of a 6-item, multiple-choice questionnaire. The responses of the participants are described in [Table 2](#T2){ref-type="table"}. The majority of respondents indicated the correct answer to the question, "At what age period is there a marked decrease in a woman\'s ability to become pregnant?"; however, for all other questions, most of the respondents answered incorrectly.

###### Distribution of women\'s knowledge related to reproduction and fertility and oocyte cryopreservation

![](ogs-62-438-i002)

  Question                                                                                                                                                                 1           2             3           4               5
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------- ------------- ----------- --------------- -----------
  1\. If a woman between 35 to 40 years of age regularly has unprotected intercourse during a period of year, how large is the chance that she will become pregnant? (%)   20--29%     30--39%       40--49%     50--59%^a)^     ≥60%
  42.3                                                                                                                                                                     25.4        21.1          7.0         4.2             
  2\. At what age period is there a marked decrease in woman\'s ability to become pregnant? (%)                                                                            15--24 yr   25--29 yr     30--34 yr   35--39 yr^a)^   40--50 yr
  0                                                                                                                                                                        0           16.9          71.8        11.3            
  3\. What is the chance of miscarriage in a pregnant woman at the age of 40 years? (%)                                                                                    \<1%        1--10%        11--20%     21--30%^a)^     \>30%
  0                                                                                                                                                                        11.3        28.2          33.8        26.8            
  4\. What is the chance of delivering a child with Down syndrome in a pregnant woman at the age of 40 years? (%)                                                          0.01%       0.1%          1--2%^a)^   5%              \>10%
  7.0                                                                                                                                                                      14.1        23.9          28.2        26.8            
  5\. What is the chance of pregnancy after one IVF treatment at an age between 40 and 43 years? (%)                                                                       \<15%       16--25%^a)^   26--35%     36--45%         \>45%
  26.8                                                                                                                                                                     22.5        23.9          15.5        11.3            
  6\. What is the survival rate of frozen eggs after defrosting process in a woman with less than 35 years of age? (%)                                                     20--40%     40--60%       60--80%     80--95%^a)^     \>95%
  15.5                                                                                                                                                                     23.9        15.5          29.6        15.5            

IVF, *in vitro* fertilization.

^a)^Indicates the correct answer according to published data.

4. Distribution of women\'s perception on fertility preservation issues {#sec4}
-----------------------------------------------------------------------

Participants were asked to respond to 7 questions related to their perception on issues surrounding fertility preservation, using a 5-point scale ([Table 3](#T3){ref-type="table"}). In response to the question, "If a woman over 30 years of age is not ready to get married or to have a child, she should consider preserving her fertility through egg freezing", 43.7% (31/71) gave affirmative answers. The 2nd and 4th questions were about the necessity for medical insurance or social security system to cover the costs for the procedure of freezing eggs. Of the total respondents 77% and 93%, respectively, indicated that the costs for the procedure should be covered by medical insurance or a social security system, regardless of the reasons for undergoing the procedure. Moreover, almost all participants agreed that women facing fertility-impairing cancer treatment should be recommended to preserve their fertility using egg freezing. Of the total respondents, 61% answered positively in response to the question, "If a company supports the cost for freezing my eggs, I would like to delay pregnancy and work for a longer time.".

###### Distribution of women\'s perception on fertility preservation issues

![](ogs-62-438-i003)

  Perception on fertility preservation issues                                                                                                                                                                   Definitely not (1)   Probably not (2)   Uncertain (3)   Probably (4)   Definitely (5)   5-point scale
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------- ------------------ --------------- -------------- ---------------- ---------------
  1\. If a woman over 30 years of age is not ready to get married or have a child, she should consider preserving her fertility through egg freezing.                                                           9.9                  5.6                40.8            35.2           8.5              3.3±1.0
  2\. If a woman is not ready to be pregnant and wishes to undergo egg freezing for her fertility preservation, the costs for the procedure should be covered by medical insurance or social security system.   1.4                  5.6                15.4            43.6           33.8             4.0±0.9
  3\. For a woman facing fertility-impairing cancer treatment, egg freezing is recommended to preserve her future fertility.                                                                                    0                    0                  2.8             14.1           83.1             4.8±0.5
  4\. For a woman facing fertility-impairing cancer treatment, the costs for the procedure should be covered by medical insurance or social security system.                                                    0                    4.2                2.8             25.4           67.6             4.6±0.8
  5\. Information about egg freezing as a part of regular health care should be routinely provided by physicians to women of childbearing age.                                                                  1.4                  1.4                15.5            36.6           45.1             4.2±0.9
  6\. If a company supports the cost of freezing my eggs, I would like to delay pregnancy and work for a longer time.                                                                                           2.8                  16.9               19.7            28.2           32.4             3.7±1.2
  7\. If I couldn\'t afford to freeze my eggs, I would consider asking for financial support from a parent or family member to pay for this procedure.                                                          5.6                  12.6               25.4            28.2           28.2             3.6±1.2

Values are presented as percentage (%) or mean±standard deviation.

Discussion
==========

The findings of this survey study provide important insights into women\'s perception and attitudes about fertility preservation by OC. They also identify critical reasons for women\'s decision to undergo elective OC, and significant gaps in women\'s knowledge about female reproduction, reproductive outcomes of those with advanced maternal age, and survival rates of post-thawing oocytes.

As shown in the result section, 71.8% of the respondents said that they would undergo elective OC. Contrary to our result, in Tan et al.\'s study \[[@B11]\] of Singaporean female medical students, only 26.4% of the respondents said they would opt for elective OC, while 54.3% were unsure Similarly, only 3.1% of surveyed population were positive for elective OC, while 45.1% were unsure and 51.8% answered no in Belgium group \[[@B8]\]. These differences can be said to be a unique phenomenon of Korea in comparison to other countries, and women should be appropriately advised to meet the needs of elective OC.

With respect to maternal age, the largest proportion of the respondents who visited our fertility preservation clinic for OC were between the ages of 35 to 39 years (50.7%), followed by 40 to 45 years (22%). Interestingly, as a result of the questionnaire regarding women\'s knowledge related to fertility and OC, most women were much less aware of the decline in age-adjusted fertility. A recent report by Cobo et al. \[[@B12]\] showed the survival rate of frozen-thawed oocytes and the cumulative live birth rate of women who had undergone elective OC for non-oncologic reasons. When women consumed 8 to 10 oocytes, the cumulative live birth rates in the group of women aged 35 years or younger at the time of vitrification were twice as high as those older than 35 years. At present, the age limit generally used for elective OC is suggested to be 38 \[[@B13]\]. Taken together, this indicates that clinicians should recommend that women be encouraged to undergo OC and try pregnancy at a younger age for the best chance of having a healthy baby.

In terms of factors that may influence the decision to undergo OC as a means of fertility preservation, our result was similar to those found by Stoop et al. \[[@B8]\]; the major concerns were the viability of frozen-thawed eggs and the health risks to themselves and their future children. Although a minority of women (n=9) were unwilling to undergo the procedure, these negative perceptions could possibly be overcome by evidence-based counseling.

Moreover, the survey results demonstrate the women\'s desire and request for financial support to receive OC, regardless of the reason for undergoing the procedure. Interestingly, given that a company may cover the cost for procedures including OC, the score of women that responded that they would like to postpone pregnancy to build their career was high (3.7±1.2). Actually, a considerable proportion of women who decided to undergo OC were employees with high income and high educational level; this may be attributable to the high cost of the procedure. With the expansion of governmental and institutional support, it may be possible to meet the demand of women who want to preserve their fertility, potentially addressing the concerns of low fertility and an aging society.

Some previous studies have reported women\'s opinions about OC or factors that lead them to pursue OC \[[@B9],[@B14]-[@B16]\]. Of these, 1 study was conducted among Korean women; however, this study only focused on the decision-making process for undergoing OC \[[@B17]\]. Our study is different from previous studies in that it firstly examined the perception reflecting the actual knowledge level about OC, and also considered the socioeconomic factors among Korean women. Furthermore, this study performed analysis using other measurement scales.

The fact that the questionnaire was conducted for women who visited the private fertility clinic rather than for the whole Korean female population may be a limit, and it may be necessary to conduct research on general population in the future.

In conclusion, this study shows that Korean women\'s awareness and knowledge regarding elective OC are relatively low. However, the level of interest in the procedure seems to be high. There seems to be a large discrepancy present that needs to be resolved to improve the level of real knowledge about elective OC. Clinicians should consider these points when counseling patients.
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[^1]: ^\*^The first two authors contributed equally to this work.
